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AQUATIC MACROPHYTES AS INDICATORS
OF HEAVY METAL POLLUTION OF WATER
IN DTD CANAL SYSTEM
ABSTRACT: The aim of this investigation was to establish the presence or absence
of chemical contamination of water and the littoral zone (banks) of Danube-Tisza-Danube
(DTD) canal system. The investigation covered the canal section from Bezdan to Prigrevica.
By analyzing the chemical composition of dominant aquatic species in four locations of the
section, we defined the species with the highest capacity to accumulate nutrients and heavy
metals. Concentrations of P and K as well as of a beneficial element Na in the tissues of the
analyzed macrophytes were both species- and site-dependent. The highest accumulation was
registered for Ceratophyllum demersum while the species Elodea canadensis showed increa-
sed P and K accumulation values in the location Sombor. The lowest concentrations of al-
most all heavy metals were recorded near Sombor, indicating that this section suffered the
lowest chemical pollution. Highest concentrations of all of the analyzed heavy metals were
recorded in the tissue of Ceratophyllum demersum from the location Prigrevica, possibly
due to the influx of polluted drainage waters from surrounding agricultural areas as well as
industrial wastewaters. The obtained results showed that the enforcement of biomonitoring
and analyses of other parameters indicative of ecosystem conditions might be useful for im-
proved protection of areas experiencing a strong human impact.
KEY WORDS: aquatic macrophytes, DTD canal system, nutrient and heavy metals
accumulation, chemical contamination, bioindication
INTRODUCTION
Diversity of species and varying distribution of macrophytic vegetation
are responsible for the visual aspect of any aquatic ecosystem. Morphological
and physiological characteristics of aquatic plants show variations which de-
pend on development stage, nutrient concentration, light conditions, etc. (J a -
nauer ,2001). Therefore, aquatic macrophytes may play a central role in the
biological monitoring since changes in the composition of aquatic vegetation
51are reliable indicators of the quality of water and littoral zone of aquatic eco-
systems (Pall e tal., 1996; Ravera ,2001). Aquatic macrophytes are good
indicators of water quality also because of their remarkable ability to accumu-
late chemical elements since an elevated accumulation of individual elements
in plant tissue might be associated with their increased concentrations in an
aquatic environment (Yurukova a n d Kochev , 1996; Matagi e t al.,
1998). By accumulating such increased amounts of chemical elements, aquatic
macrophytes contribute to the nutrient cycling and sediment stabilization, thus
significantly affecting the extent of eutrophication (Chambers a n d Pre-
p a s, 1994). Very important is their role in heavy metal accumulation since
heavy metal concentrations in macrophytic tissues may be 106 times as high as
their concentrations in an aquatic environment (Kovács e t al., 1984; P a -
jeviã e t al., 2002). Remediation (bioaccumulation) of heavy metals from
water environment depends on plant species, plant organ and numerous abiotic
factors, making all of them indispensable for biofiltration and heavy metal cy-
cling in aquatic ecosystems (Lewis ,1995). A recent survey of aquatic eco-
systems examined the possibility of using aquatic vegetation to purify water
and littoral zone by removing from them nutrients, heavy metals, and other
pollutants (DeBusk e t al., 2001).
The aim of the survey was to assess the level of chemical contamination
of canal water and its littoral zone by determining the chemical composition
on dominant aquatic species at four sites of Danube-Tisza-Danube (DTD) ca-
nal system. Our survey concentrated on the canal section Bezdan—Prigrevica
which is subject to a strong human impact as reflected by the presence of
waste material coming from surrounding industrial facilities and agricultural
areas.
MATERIAL AND METHODS
Four sites were surveyed, Bezdan—Šebeš fok, Bezdan—Siget most, Som-
bor, and Prigrevica. Chemical analyses included dominant macrophytic speci-
es, i.e., Ceratophyllum demersum L., Nymphaea alba L. and Phragmites com-
munis Trin .(emergent part and rhizome) from Bezdan—Šebeš fok, Cerato-
phyllum demersum L., Trapa longicarpa Jank . , Typha angustifolia L. and
Sparganium erecta L. from Bezdan—Siget most, Ceratophyllum demersum L.,
Elodea canadensis L., Nuphar luteum L. and Phragmites communis Trin .
(emergent part) from Sombor and Ceratophyllum demersum L. and Potamoge-
ton pectinatus L. from Prigrevica. Sampling was done in June and July of
2002, at sites characterized by the greatest plant density and coverage.
Plant material was classified, rinsed in distilled water several times, dried
at 105°C, and prepared for chemical analyses using standard procedure for wa-
ter and aquatic plants (APHA, 1995). From stock solution, total P concentra-
tion was determined using spectrophotometry, concentrations of total K and
Na using flame photometry and the concentration of total N using standard
micro Kjeldahl method (Nelson a n d Sommers , 1973).
52Concentrations of heavy metals, Fe, Mn, Ni, Cu, Co, Pb, and Cd, were
determined directly from stock solution using atomic absorption spectrophoto-
metry.
Data analysis was done using multiple interval test (Duncan). Values with
the same letter did not differ significantly at p = 0.05.
RESULTS AND DISCUSSION
Location Bezdan — Šebeš fok. Concentrations of P and K varied among
the analyzed plant species. A submersed species C. demersum showed the hig-
hest accumulation (Figure 1).
P concentrations were between 211mg% (C. demersum) and 73 mg%
(rhizome of P. communis). Comparing P concentrations in C. demersum recor-
ded in DTD canal system near Novi Sad refinery (Pajeviã e tal., 2002) and
at Danube—Subiã immediately after the canal empties into the Danube (P a -
jeviã e t al., 2002a) with those recorded at Bezdan—Šebeš fok site, it was
seen that P accumulation was several times lower in the latter site. According
t o Gerloff a n d Krombholz (1966), critical P content in macrophytic
tissue is around 0.13% (130 mg%). Although the obtained results show that
the P amounts accumulated in the surveyed macrophytic species were rather
small, the role of aquatic plants in taking up excess P from wastewater is im-
portant. P amounts taken up by aquatic plants from water depend on plant spe-
cies and P concentration in water and its substratum. The surface mud layer is
frequently the main P source for macrophytes (K i m and Geary , 2001).
The highest K accumulation (2264 mg%), also recorded in C. demersum,
was five times as high as the concentration in floating N. alba leaves (Figure
1). Very low K, P and Na concentrations were registered in P. communis rhi-
zomes. Their concentrations were higher in the emergent parts of P. commu-
nis, obviously due to an intensive element transport. Still, the latter concentra-
tions were low when compared with those in terrestrial plants (Kastori ,
1997). Floating leaves of the aquatics accumulated high amounts of Na (Figu-
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Fig. 1. Concentrations of macronutrients (P and K) and Na
in macrophytes from location Bezdan — Šebeš fokre 1). Significant Na concentrations in N. alba leaves were also reported in
previous investigation (Pajeviã e t al., 2002).
With respect to the accumulation of heavy metals (Fe, Mn, Ni, Cu, Co,
Pb), C. demersum showed significantly highest values for all elements except
Pb (Figures 2 and 3).
The Fe concentrations ranging from 835 μg ⋅ g—1 in C. demersum tissue
to 134 μg ⋅ g—1 in emergent parts of P. communis were significantly lower
than those found in the same species at the Danube site (Pajevic e t al.,
2002b). The above data may be due to reduced concentrations of this metal in
water and mud, but we should not ignore the fact that the concentrations of to-
tal and soluble forms of Fe available to plants as well as the ionic form of Fe
are influenced by a large number of factors, particularly by the amounts of so-
luble O2 a n d p H ( Goulet a n d Pick , 2001).
The low Mn concentrations recorded in plant species of the surveyed site
further support the conclusion that the canal water of this site was not exceed-
ingly loaded with the analyzed heavy metals.
The concentrations of Ni, Cu and Co below 10 μg 15 g—1 again confir-
med the above statement that the canal water of this site was not exceedingly
loaded with the analyzed heavy metals, in spite of the presence of Pb in all of
the analyzed plant species but in concentrations below those indicating pollu-
tion.
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Fig. 2. Concentrations of Fe and Mn in macrophytes
from location Bezdan — Šebeš fok
Fig. 3. Concentrations of Ni, Cu, Co and Pb in macrophytes
from location Bezdan — Šebeš fokLocation Bezdan — Siget most. Significantly low P concentrations con-
currently with significantly high K concentrations were recorded in C. demersum
tissue. The highest P concentration (257 mg%) was obtained from the emer-
gent parts of S. erecta, the lowest (116 mg%) from C. demersum (Figure 4).
The highest K concentrations were recorded in S. erecta (3146 mg%) and
C. demersum (2903 mg%), the highest Na concentration in C. demersum (683
mg%). The obtained Na value (683 mg%) was common for all the surveyed
sites where C. demersum occurred.
Concentrations of heavy metals, i.e., Fe and Mn micronutrients, were hig-
hest in C. demersum tissue. Their concentration values were opposite to those
reported for Bezdan—Šebeš fok, namely, the Fe concentration (1232 μg ⋅ g—1)
was significantly higher than the Mn concentration (858 μg ⋅ g—1) (Figure 5).
The obtained values were due to a large number of factors such as the form of
the elements and their ratios in the aquatic environment and the substratum
(Karpiscak e t al., 2001).
The accumulation rates of the other analyzed elements (Ni, Cu, Co, and
Pb) were somewhat lower than those recorded in the location Bezdan—Šebeš
fok (Figure 6).
No significant differences in Pb accumulation were found among the
macrophytes while the recorded Pb concentrations were similar to those from
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Fig. 4. Concentrations of macronutrients (P and K) and Na
in macrophytes from location Bezdan — Siget most
Fig. 5. Concentrations of Fe and Mn in macrophytes
from location Bezdan — Siget mostthe other sites. The lowest Pb concentration (1.48 μg ⋅ g—1) was obtained for
the emergent part of T. angustifolia.
Location Sombor. The highest P and K accumulations were recorded in
C. demersum and E. canadensis (Figure 7). The P concentration recorded in C.
demersum was similar to that in the location Bezdan—Šebeš fok, whereas the
K concentration was higher (2820 mg%).
Na concentration was species-dependent. The highest accumulation was
obtained for E. canadensis (950 mg%). Low Na values were recorded in the
emergent parts of P. communis (50 mg%).
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Fig. 6. Concentrations of Ni, Cu, Co and Pb in macrophytes
from location Bezdan — Siget most
Fig. 7. Concentrations of (P and K) and Na
in macrophytes from location Sombor
Fig. 8. Concentrations of Fe and Mn in macrophytes from location SomborIrrespective of plant species, Fe and Mn concentrations were below 800
μg ⋅ g—1 (Figure 8). Concentration rates of these two elements showed speci-
es-dependent variations. Thus, C. demersum and the emergent parts of P. com-
munis accumulated more Mn than Fe. Such Fe and Mn distributions were sim-
ilar to the values obtained for these two species in the location Bezdan—Šebeš
fok.
The concentrations of Ni, Cu, Co, and Pb in C. demersum tissue resem-
bled those recorded in the locations Bezdan—Šebeš fok and Bezdan—Siget
most. C. demersum showed significantly highest accumulation rates for the an-
alyzed heavy metals (Figure 9) the concentrations of Ni, Cu, and Co were mu-
tually similar, amounting to 7.56 μg ⋅ g—1, 7.01 μg ⋅ g—1 and 5.29 μg ⋅ g—1,r e -
spectively. Rather low Pb concentrations, from 3.35 μg ⋅ g—1 (C. demersum)t o
0.84 μg ⋅ g—1 (the emergent part of P. communis) were found in all plant sam-
ples. The lowest concentrations of all of the analyzed elements were obtained
for the emergent part of P. communis.
Location Prigrevica. The two dominant species, C. demersum and P. pec-
tinatus, were analyzed. The P concentration in C. demersum was 247 μg ⋅ g—1.
No higher value was obtained with the analyzed aquatics of any other of the
surveyed locations (Figure 10). The K concentration in C. demersum was
twice as high as that in P. pectinatus and it amounted to 2375 mg%. The Na
concentrations, amounting to app. 600 mg%, were similar in both species.
This location was also characterized by the highest Fe and Mn concentra-
tions. The Fe concentration in C. demersum was as high as 6487 μg ⋅ g—1.I t
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Fig. 9. Concentrations of Ni, Cu, Co and Pb
in macrophytes from location Sombor
Fig. 10. Concentrations of macronutrients (P and K)
and Na in macrophytes from location Prigrevicawas obviously site-dependent and it was five to ten times higher than the valu-
es obtained for the same species elsewhere (Figure 11). The Mn concentration
of 2604 μg ⋅ g—1 in C. demersum was two to three times higher than the valu-
es recorded for the same species in the other surveyed locations. The signifi-
cant increases in the Fe and Mn concentrations suggest that the canal water of
this section contained a high chemical load which was due to wastewater rele-
ases. Although the Fe and Mn concentrations in C. demersum were rather
high, the values obtained for the same species in several Danube sites in the
vicinity of Novi Sad were still higher.
Canal water contamination with heavy metals was also confirmed by the
concentrations of Ni, Cu, and Co recorded in C. demersum (Figure 12). The
Pb concentration, however, was not elevated. This was more likely due to an-
tagonistic effects of increased concentrations of other ions than due to low Pb
in water and the littoral zone.
CONCLUSION
The concentrations of P and K, as well as that of a beneficial element Na
in the tissues of the analyzed macrophytes were both species- and site-depend-
ent. The average P concentrations were rather low, below 300 mg%. The high-
est P accumulation was obtained for Ceratophyllum demersum. Also, the spe-
cies Elodea canadensis showed increased P and K values in the location Som-
bor. Lowest concentrations of almost all heavy metals were recorded for the
DTD canal near Sombor indicating the lowest chemical pollution of this site.
Highest concentrations of all of the analyzed heavy metals were recorded in
Ceratophyllum demersum tissue from the location Prigrevica, possibly due to
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Fig. 11. Concentrations of Fe and Mn
in macrophytes from location Prigrevica
Fig. 12. Concentrations of Ni, Cu, Co
and Pb in macrophytes location Prigrevicathe influx of polluted drainage waters from the surrounding agricultural areas
and industrial wastewaters.
The obtained results show that biomonitoring enforcement and analyses
of other parameters indicative of ecosystem conditions might be helpful in
protecting areas experiencing a strong human impact.
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AKVATIÅNE MAKROFITE KAO INDIKATORI ZAGAÐEWA VODE
TEŠKIM METALIMA U SISTEMU DTD
Slobodanka P. Pajeviã, Mirjana S. Vuåkoviã, Ÿarko S. Kevrešan,
Milan N. Matavuq, Sneÿana B. Raduloviã, Dragan V. Radnoviã
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Rezime
Koncentracije makroelemenata P i K, kao i korisnog elementa Na u tkivu
ispitivanih makrofita zavisile su od vrste i lokaliteta. Najveãi akumulator
je bila vrsta Ceratophyllum demersum, a na lokalitetu Sombor po veãoj akumula-
ciji R i K izdvojila se i vrsta Elodea canadensis, što ukazuje na organsko opte-
reãewe vode. U poreðewu sa ostalim lokalitetima, koncentracije gotovo svih
teških metala u makrofitama lokaliteta Sombor bile su najniÿe, te se na
osnovu toga ovaj lokalitet moÿe smatrati najmawe ugroÿenim hemijskim polu-
tantima. Najveãi akumulator teških metala bila je subterzna vrsta Ceratophyl-
lum demersum. Na lokalitetu Prigrevica u tkivu vrste Ceratophyllum demersum
registrovane su najveãe koncentracije svih ispitivanih teških metala. Visoke
koncentracije teških metala u makrofitama ukazuju na hemijsko zagaðewe ka-
nalske vode na ovoj deonici, što moÿe biti posledica ulivawa zagaðene dre-
naÿne vode sa okolnog poqoprivrednog podruåja, kao i industrijskih otpadnih
voda. Dobijeni rezultati jasno ukazuju da bi se planskim praãewem (monitorin-
gom) hemijskog sastava biqaka uzetih sa ugroÿenih lokaliteta, uz analizu i dru-
gih pokazateqa stawa ekosistema, moglo brÿe i sveobuhvatnije doãi do rešewa
problema zaštite od zagaðewa podruåja pod velikim antropogenim uticajem.
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